In the absence of a cure, HIV-infected patients are being successfully treated with antiretroviral therapies (ART) and living longer. Indeed, an increasing number of HIV-infected patients are living beyond the age of 50 years, and in that regard, the use of ART has transformed HIV into a chronic medical condition. As more HIV-infected patients are virologically controlled and living longer, the trajectory of disease morbidity has shifted, however, primarily from opportunistic infections and immune dysfunction to metabolic complications. Evidence suggests that HIV-infected patients acquire significant metabolic risks, including lipodystrophic changes, subclinical atherosclerosis, and insulin resistance. The etiology of these metabolic complications specifically in HIV-infected patients is not entirely clear but may be related to a complex interaction between long-term consequences of infection and HIV itself, chronic use of antiretrovirals, and underlying inflammatory processes. Previous classes of ART, such as protease inhibitors (PIs) and reverse transcriptase inhibitors, have been implicated in altering fat redistribution and lipid and glucose homeostasis. Advances in drug development have introduced newer ART with strategies to target novel mechanisms of action and improve patient adherence with multi-class drug combinations. In this review, we will focus on these newer classes of ART, including selected entry inhibitors, integrase inhibitors, and multi-class drug combinations, and two newer PIs, and the potential of these newer agents to cause metabolic complications in HIV-infected patients. Taken together, further reduction of morbidity in HIV-infected patients will require increasing awareness of the deleterious metabolic complications of ART with subsequent management to mitigate these risks.
Introduction
An interaction between HIV itself, antiretroviral therapy (ART), and inflammation may exist, such that HIVinfected patients are at higher risk for metabolic complications despite excellent viremic control. However, the contribution of each of these factors individually and in combination with these metabolic complications remains unclear (Fig. 1) . Older classes of ART have been previously implicated in worsening metabolic risks, including lipodystrophy, cardiovascular disease, glucose and lipid metabolism, and bone loss (1, 2, 3, 4, 5, 6, 7, 8) . For example, in a cohort study of over 3800 patients, Brown et al. (1, 2) demonstrated that there was an increased prevalence of diabetes mellitus (DM) in HIV (11.5%) vs non-HIV patients (6.5%), and more specifically, there was an increased prevalence of DM in HIV-infected patients on ART. Triant et al. (9) demonstrated that HIV-infected patients had a relative risk of 1.75 for acute myocardial infarction (MI) compared with non-infected patients, and furthermore, Worm et al. reported that exposure to particular protease inhibitors (PIs) was associated with an increased relative risk of MI. The relative risk of MI with longer duration of exposure to indinavir or lopinavirritonavir was 1.12 and 1.13 respectively (8) . As HIVinfected patients are living longer without a definitive cure, the duration of ART use will continue to lengthen. Medication-induced complications may increase temporally with longer duration of drug use, therefore contributing to age-related complications in the older HIV population. This review will focus on potential metabolic consequences of newer classes of ART, including more commonly used entry inhibitors, integrase inhibitors, and multi-class drug combinations, as well as two newer agents in the PI class, atazanavir and darunavir (Table 1 ). Due to space limitations, effects on bone and vitamin D metabolism will not be included in this review.
Scope of HIV infection and increasing use of ART
Breakthroughs in understanding the pathophysiological mechanism of HIV infection have led to the development of more efficacious treatment strategies. According to the UNAIDS report on the global AIDS epidemic, the prevalence of people living with HIV globally was estimated to be 35.3 million in 2012. In addition to a 33% decline in new HIV cases detected since 2001, the number of AIDS-related deaths has also diminished, suggesting that the increased prevalence of HIV may be secondary to improved strategies for ART use effectively decreasing mortality. A total of 10.6 million people were receiving ART as of 2012, and this number has tripled over the last 5 years (http://www.unaids.org/en/ resources/campaigns/GlobalReport2013/globalreport; Date Accessed: November 16, 2013), as increasing efforts are being made to provide these life-saving medications to low-and middle-income countries. It is anticipated by the WHO that the total numbers of deaths prevented could increase from 9 to 12 million between 2013 and 2025 with the use of ART (http://www.who.int/hiv/pub/ progressreports/update2013/en/index.html; Date Accessed: November 16, 2013) . The goal of ART use is to inhibit HIV replication to decrease viral burden, thereby increasing CD4 counts and decreasing the risk of opportunistic infections, and to prevent transmission. There are currently six major classes of ART, classified into the mechanism of action by which they interfere with HIV replication (Fig. 2 ): entry inhibitors, integrase inhibitors, reverse transcriptase inhibitors (RTIs) including nucleoside/nucleotide reverse transcriptase inhibitors (NRTIs) and non-nucleoside reverse transcriptase inhibitors (NNRTIs), PIs, and multi-class drug combinations (http://www.niaid.nih.gov/topics/HIVAIDS/Understanding/Treatment/Pages/arvDrugClasses.aspx; Date Accessed: November 16, 2013) . There is ongoing research in drug development for future treatment strategies of HIV
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Potential mechanisms of ART-related metabolic complications
While the pathogenesis of ART-related metabolic complications is not entirely clear, various hypotheses have been proposed to explain the mechanisms by which older classes of ART may contribute to metabolic abnormalities in HIV-infected patients. NRTIs and PIs have been associated with mitochondrial dysfunction and oxidative stress (10, 11) , altered adipogenesis and differentiation (12, 13, 14) , impaired glucose transport (15) , altered expression of lipid metabolism genes (16) , and impaired lipolysis (17) .
Requirement for multi-class drug regimens for ART confounds assessment of individual agents, especially in treatment-experienced patients with frequent regimen changes Treatment of HIV necessitates multi-class drug therapy in order to counter the viral life cycle at various stages through multiple mechanisms of action. HIV-infected patients can develop resistance or adverse side effects to ART or encounter drug-drug interactions, and with the continual advent of novel ART, changes in medical therapy can be frequent. Combination therapies have now been developed to enhance patient adherence with a less complicated regimen. Although a single pill may be effective for ART in multi-class drug therapy, additive metabolic effects of each individual drug should be considered. While improving viremic control itself may improve metabolic indices (18) , inflammation, and even overall cardiovascular disease rates (19) , specific adverse (20) , suggesting the importance of ongoing metabolic monitoring in such patients. In such patients, the choice of ART resulting in optimal viremic control and minimal metabolic consequences is the goal. A major consideration, in this regard, is that the evolving use of multiple newer classes of ART, alone and in combination, can make it difficult to discern which medications are responsible for long-term complications, especially in treatment-experienced HIV-infected patients. Moreover, metabolic complications can occur over time with regard to either initiation or withdrawal of ART. In this review, we will synthesize the literature regarding the development of metabolic effects in previously ART-naïve or treatment-experienced patients and distinguish effects attributable to specific newer agents or combinations of agents in the context of multi-class ART.
Metabolic complications of individual agents in the major classes of ART

Entry inhibitor
Maraviroc " Maraviroc is a CCR5 receptor antagonist that prevents the interaction between gp120 and CCR5 necessary for macrophage tropic HIV-1 to enter the cell (Fig. 2) .
Potential effects on the inflammatory milieu " Preclinical data " The CCR5 receptor plays a role in inflammation through the regulation of monocyte migration (21) and is therefore involved in the process of atherosclerosis. Physiologically, individuals who present with a polymorphism in this receptor, CCR5 D32, not only have increased resistance to developing HIV infection but also are protected from atherosclerotic burden (22, 23) . Cipriani et al. investigated the effect of maraviroc on reducing atherosclerotic plaque progression and inflammation in dyslipidemic ApoE K/K mice exposed to ritonavir, a model of increased atherogenesis and inflammation. The addition of maraviroc in this model attenuated early ritonavir-induced atherosclerotic plaque area by 70%, reduced macrophage infiltration in the aortic wall by w50%, and decreased expression of chemokines and cytokines, including MCP-1, ICAM-1, and VCAM-1 in aortic tissue (Fig. 3 ) and IL6 in adipose tissue and downregulated CD36 expression on monocytes (24) . However, no change in lipid profiles was reported. Another study evaluated maraviroc and its influence on macrophage activation and cardiac dysfunction in SIV Cinfected macaques. Results demonstrated that infected macaques treated with maraviroc had preserved diastolic function compared with uninfected control macaques, and in addition, maraviroc treatment lowered myocardial macrophage activation to levels present in uninfected control macaques not receiving treatment, as measured by sCD163 (25) . These data, derived from an animal model, suggested that maraviroc may have the potential to reduce atherogenesis in dyslipidemic ART-treated patients.
Human studies " A number of preliminary studies have been performed to investigate the hypothesis that maraviroc affects inflammatory indices (26, 27, 28) , but more data are clearly needed to definitively assess this effect in HIV-infected patients. In the MERIT trial, treatment-naïve patients with CCR5-tropic HIV were randomized to receive efavirenz or maraviroc both in combination with zidovudine/lamivudine. In this study, patients receiving maraviroc had beneficial effects on fasting lipid profiles. In HIV-infected patients with baseline lipid profiles that were abnormal according to National Cholesterol Education Panel (NCEP) guidelines, treatment with maraviroc was associated with significant improvements in total cholesterol and LDL at 96 weeks when compared with treatment with efavirenz (27) . Therefore, the effect of maraviroc on lipid parameters, in addition to CCR5 antagonism, may also contribute to favorable effects on atherosclerotic plaque. In a subset of patients from the MERIT trial, Funderburg reported that over 48 weeks, the proportion of treatment-naïve HIV-infected patients with hsCRPO2 mg/ml increased in the group of patients treated with efavirenz, while this proportion remained stable in the group of patients treated with maraviroc (28). Hsue et al. evaluated the effect of maraviroc on vascular function using flow-mediated vasodilation (FMD). When treatment-experienced HIVinfected men were randomized to receive either placebo or maraviroc for 24 weeks in addition to their current regimen, HIV-infected men treated with maraviroc tended to have an increase in FMD from baseline, but this difference did not reach statistical significance (29) . Taken together, these data on animal and human studies suggest that maraviroc may have favorable effects on cardiovascular burden, but further evaluation of the mechanism of this effect and assessment with respect to reduction or prevention of cardiac events in human trials is necessary.
Effects on glucose homeostasis " Bigoloni et al. investigated glucose homeostasis parameters in ART-experienced HIV-infected patients who were placed on two different NRTI sparing regimens including raltegravir and etravirine with either maraviroc or darunavir/ritonavir. The study reported that more HIV-infected patients were newly diagnosed with DM in the maraviroc group; however, these results were not statistically significant in comparison with the group treated with darunavir/ritonavir at 156 weeks. By contrast, those treated with the maraviroc combination demonstrated a statistically significant increase in BMI and waist circumference. Both treatment groups also had a significant decrease in HOMAb% (30) . More studies are needed to address maraviroc's effects on glucose homeostasis.
Integrase inhibitors
Raltegravir " Raltegravir targets the HIV enzyme integrase, which prevents integration of viral DNA into the host chromosome (Fig. 2) . Initial studies suggested that raltegravir can be used for intensification of ART treatment by reducing viral load further than combinations of other antiretrovirals (31) ; however, these data are inconsistent (32, 33) . Raltegravir has been used to treat HIV-infected patients successfully without necessity for boosting with ritonavir, which affords the opportunity for patients to avoid known adverse side effects of PIs.
Effects on lipid parameters " Severe dyslipidemia with triglycerides O5000 mg/dl was reported in a patient who presented with lipemia retinalis 7 months after commencement of raltegravir and emtricitabine in addition to a prior regimen of lopinavir/ritonavir and tenofovir, and the hypertriglyceridemia normalized rapidly in 2 weeks with discontinuation of the lopinavir/ritonavir and addition of fenofibrate and omega-3 fatty acids (34) . A drug-drug interaction between raltegravir and lopinavir-ritonavir was cited as the etiology for the hypertriglyceridemia; however, no clear mechanism exists, as these antiretrovirals do not mutually interact via cytochrome P450. In addition, the contribution of emtricitabine to dyslipidemia is uncertain. In the SPIRAL study enrolling ART-experienced patients, there was a reduction in triglycerides, LDL, and total cholesterol from baseline starting at 4 weeks, which persisted through 48 weeks in the raltegravir group vs the ritonavir-boosted PI group (35) (Fig. 4) . Fewer patients in the raltegravir group were on lipid-lowering therapy compared with the ritonavirboosted PI group. The relationship in the improvement in lipid parameters and body composition was not fully investigated. Switching to raltegravir from a ritonavirboosted PI regimen also had a significant effect on other LDL properties in the SPIRAL substudy. After 48 weeks of raltegravir use, there was a significant increase in LDL particle size and a significant decrease in cholesterol content of small and dense LDL subfractions and lipoprotein-associated phospholipase A2 and PCSK9 plasma concentrations, but this did not differ from the group that remained on a ritonavir-boosted PI regimen. By contrast, there was a significant decrease in total cholesterol, LDL, non-HDL, ApoB, and Lp(a) in the raltegravirtreated group compared with the group remaining on a ritonavir-boosted PI regimen, which suggested a more favorable antiatherogenic phenotype in the raltegravir group (36) . The SECOND LINE study investigated treatment-experienced HIV-infected patients who failed firstline therapy and were then randomized to receive ritonavir-boosted lopinavir plus two or three NRTIs or raltegravir. After 48 weeks on the new regimen, total cholesterol, LDL, and HDL increased significantly in the raltegravir group, while there was no significant change in triglycerides (37) . The SWITCHMRK trial demonstrated marked reduction in total cholesterol, non-HDL cholesterol, and triglycerides at 12 weeks in ART-experienced patients that were switched from a regimen that included lopinavir/ritonavir to raltegravir. Changes in LDL and HDL did not significantly differ between the groups at 12 weeks (38) .
Several studies also investigated the use of raltegravir in ART-naïve patients. The STARTMRK study investigated treatment naïve HIV-infected patient with raltegravir vs efavirenz in combination with tenofovir/emtricitabine. Despite a lower prevalence of lipid-lowering therapy in the raltegravir-treated patients, total cholesterol, HDL, and LDL increased less at 48, 96, 144, and 240 weeks in the raltegravir-treated patients compared with the efavirenztreated group. With respect to the effects on triglyceride levels, triglycerides demonstrated a small decrease at 48 and 96 weeks in the raltegravir-treated group but increased by the end of the trial. However, this increase was less than that seen in the efavirenz-treated group (39, 40, 41, 42) . Eron et al. studied the dose-related effects in a trial using once-or twice-daily raltegravir in combination with tenofovir and emtricitabine in treatment-naïve patients. Twice-daily raltegravir improved virological response; however, there was no consistent pattern in changes in lipid parameters between once-and twice-daily administration (43) . Raltegravir was compared with efavirenz in combination with both tenofovir and lamivudine in ART-naïve patients. The changes in LDL and triglyceride levels from baseline at 240 weeks were not significantly different between groups, and the elevation in total cholesterol and HDL was smaller in the raltegravir group compared with the efavirenz group (44) . Treatmentnaïve patients were started on raltegravir in combination with abacavir/lamivudine in the SHIELD study. While there was an increase at 48 weeks in fasting total cholesterol, HDL, and LDL, the total cholesterol and LDL remained at levels below NCEP guidelines, and the triglyceride levels were stable on the raltegravir and abacavir/lamivudine combination. Lipid particle size was investigated using nuclear magnetic resonance. After 48 weeks, there was a significant increase in percent change from baseline in total LDL particle concentration, and total, large, and medium HDL particle concentrations, but no change was detected in small HDL particle concentration, LDL size, or small LDL particle concentration (45) . More studies are needed to investigate the independent effects of raltegravir on lipid parameters, not confounded by the simultaneous use of PIs.
Effects on endothelial function " Endothelial dysfunction was measured by brachial FMD and microvascular function was measured by hyperemic velocity in treatment-experienced HIV-infected patients treated with raltegravir in a randomized, double-blinded, placebocontrolled trial. At 24 weeks, the average rates of change of FMD and hyperemic velocity did not differ between raltegravir-and placebo-treated groups (46) . A subanalysis was performed between immunologic responders and non-immunologic responders, which similarly did not show any significant difference between those treated with raltegravir or placebo. In a substudy of the SPIRAL study, FMD and lipid profiles were evaluated in HIV-infected patients either continuing a ritonavir-boosted PI regimen or switching to raltegravir. FMD results did not differ within or between groups at 24 and 48 weeks when compared with baseline, and similarly no changes in FMD were seen between the groups after excluding patients on lipid-lowering therapy. Those patients treated with raltegravir had significant decreases in total cholesterol, LDL, non-HDL, and triglycerides from baseline after 32 weeks of therapy; however, the raltegravir group tended to have better lipid profiles at baseline. Only triglyceride levels were significantly lower in the raltegravir group at 32 weeks when compared with the PI-treated group. The beneficial effect on lipid profiles did not translate into www.eje-online.org improved FMD in the raltegravir-treated patients (47) . Over a short treatment course, use of raltegravir has similar effects on endothelial function compared with other ART.
Effects on inflammatory indices " The ANRS 138 EASIER study was a 48-week randomized trial investigating treatment-experienced HIV-infected patients with virologic suppression who were switched from an enfuvirtidebased ART regimen to a raltegravir-based ART regimen. At 24 weeks, levels of biomarkers of inflammation, including IL6, hsCRP, and D-dimer, were significantly decreased from baseline in the raltegravir-based ART regimen by 30%, 46%, and 40% respectively (48) . There was no further decrease at 48 weeks. As there was no change in the proportion of virologically suppressed patients over the course of the study, this mechanism was unlikely to explain differences in inflammatory markers between the groups. It remains uncertain whether the decrease in inflammatory markers seen in the ANRS 138 EASIER study was secondary to the addition of raltegravir or the withdrawal of enfuvirtide. Further decreases in inflammatory markers, including hsCRP, MCP-1, OPG, IL6, TNFa, and D-dimer, and insulin were seen after 48 weeks in the treatment-experienced group switched to raltegravir vs those continuing a ritonavir-boosted PI regimen (49), while no significant change was seen in IL10, ICAM-1, VCAM-1, E-and P-selectin, and adiponectin. Markers of endothelial function were less affected, consistent with the lack of effect on FMD in previous studies (46, 47) . Lake et al. investigated monocyte activation markers in ARTexperienced HIV-infected women with increased central adiposity on a NRTI regimen who were asked to continue the same PI or NNRTI or switch to raltegravir. There was a significant reduction in sCD14 levels at 24 weeks, but no change was measured in sCD163 or I-FABP levels in those switched to raltegravir (50) . Data are also available from ART-naïve treatment studies. Two groups of treatment-naïve HIV-infected patients started on darunavir/ritonavir plus raltegravir were evaluated for changes in inflammatory biomarkers in association with presence or absence of virologic response at 48 weeks. Those patients with baseline viral load O100 000 copies/ml demonstrated increased CD4 and CD8 activation and IL6, IP-10, sCD14, and D-dimer levels at baseline. Markers of inflammation and microbial translocation, IP-10, sCD14, and D-dimer, were attenuated in both groups to similar absolute levels, despite the fact that those in the virologic failure group demonstrated higher baseline levels of inflammatory indices. So, while the absolute levels were not significantly different at 48 weeks, the reduction in IP-10, sCD14, and D-dimer levels at 48 weeks from baseline was significantly more in those with virologic failure compared with those without virologic failure. Baseline T-cell activation and increased inflammatory markers were not predictors of virologic failure (51) . In another study of treatment-naïve patients with viral load O5000 copies/ml who were started on raltegravir in combination with lopinavir/ritonavir or emtricitabine/tenofovir, LPS and sCD14 levels were compared with non-HIV-infected controls. Baseline levels of LPS and sCD14 were increased in the HIV-infected patients and inversely correlated with CD4 counts; however, there was a decrease in LPS after 4 weeks of treatment concurrent with an increase in CD4 counts and a decrease in sCD14 after 24 weeks of treatment. By 48 weeks, the sCD14 level had normalized, but the LPS level remained elevated compared with healthy controls (52) . Concurrent with these changes in LPS and sCD14, there was a decrease in immune activation of T cells, suggesting that microbial translocation may be implicated in immune activation and disease progression. Taken together, these data on treatment-experienced and naïve patients are unclear as to whether the initiations of raltegravir or withdrawal of other drugs may reduce inflammation and insulin resistance in HIV-infected patients.
Effects on body composition " While older classes of ART, more classically PIs and NRTIs, have been implicated in lipodystrophic changes in HIV-infected patients, one case report suggests the new onset development of a buffalo hump in treatment-experienced HIV-infected patient 3 months after initiating treatment with raltegravir and atazanavir, which worsened over the course of 6 months (53). However, the contribution of raltegravir to body fat changes in this case was unclear, as atazanavir, a PI, itself may contribute to lipodystrophy in HIVinfected patients (54) and prior use of other PIs and NRTIs may have also contributed. Treatment-experienced HIV-infected women treated with an NRTI regimen were followed for body composition changes after having switched their PI or NNRTI regimen to raltegravir. Visceral adipose tissue assessed by CT scan decreased in the group treated with raltegravir by 3.6%, while the group with no change in their ART had an increase of 1.9% (55); this change was not statistically significant at 24 weeks. Body composition was also evaluated in the STARTMRK study involving ART-naïve patients receiving either raltegravir or efavirenz in combination with tenofovir and emtricitabine. Overall, BMI increased in both groups, and at 156 weeks, there was an increase in fat in the trunk
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Review S Srinivasa and S K Grinspoon and limbs of 19% in the raltegravir group and 31% in the efavirenz group (41), similar to results at 48 and 96 weeks (40) . At 156 weeks, lipoatrophy was notable in 4% of the raltegravir group vs 6% of the efavirenz group, but the total number of patients studied was small (40) . Previous use of ART may complicate assessment of whether lipodystrophic changes are associated with raltegravir.
Protease inhibitors
Atazanavir " Atazanavir inhibits the viral Gag and GagPol polyproteins in the HIV-1-infected cells, which prevent formation of mature virions (Fig. 2) . Atazanavir is administered once daily with or without ritonavir boosting.
Effects on lipid parameters " In the SABAR study, HIVinfected patients on stable ART for at least 3 months were randomized to either continue on their current PI regimen in combination with the same nucleoside backbone or substitute their previous PI regimen for atazanavir. Approximately 30% of these patients in both groups were already on lipid-lowering therapies. Fasting lipids were checked at 24 weeks, and the atazanavir group had a significant decrease in total, LDL, VLDL, and non-HDL cholesterol, triglycerides, and LDL particles, and in addition, the total and non-HDL cholesterol and triglycerides also significantly decreased when compared with the control group (56) . These patients were also assessed for endothelial function; however, there was no notable change in the atazanavir group in FMD, despite improvement in the lipid parameters. HIV-infected patients with prior virologic failure on their ART were switched to either atazanavir or lopinavir/ritonavir with two NRTIs. At 48 weeks, there was a significant decrease in total cholesterol, LDL, and triglycerides in the atazanavir group, despite a significantly greater reduction in viral load in the lopinavir/ritonavir group. There was an increase in the proportion of patients in the atazanavir group who achieved optimal LDL and total cholesterol levels at 48 weeks by NCEP-ATP II guidelines, while there was a decrease in the proportion of patients in the lopinavir/ritonavir group who achieved these optimal levels (57). HIV-infected patients with prior history of hyperlipidemia and PI use with a thymidine analogue were switched to atazanavir/ritonavir in combination with either abacavir/lamivudine or tenofovir/emtricitabine. At 48 weeks to 1 year, there was a significant decrease in total cholesterol, LDL, and triglyceride in both groups, but the change was not statistically significant between groups (58). Treatment-experienced HIV-infected patients with a known history of hyperlipidemia were switched to atazanavir with or without ritonavir in addition to two to three NRTIs. After 24 weeks, there was a significant reduction in total cholesterol and triglycerides by 18 and 46% respectively, but by 48 weeks, the triglycerides increased again, but still remained below baseline levels. The increase in triglycerides may have been associated with an increase in the number of patients receiving ritonavir boosting at week 24. No significant changes in LDL or HDL were noted (59) . Lipid parameters were compared between ART-experienced HIV-infected patients who were on a ritonavir-boosted PI regimen with two NRTI that had their PI regimen immediately switched to ritonavir-boosted atazanavir or had a 24-week delayed switch. Those who were immediately switched to atazanavir/ritonavir had a more significant reduction in total cholesterol, LDL, non-HDL cholesterol, triglycerides, apolipoprotein B, and Lp(a). Those who had a delayed switch had similar improvements in their lipids at 48 weeks compared with those who had been immediately switched (60) . The ATAZIP study also showed a significant decrease in triglycerides and cholesterol at 48 weeks in HIV-infected patients who were switched from lopinavir/ ritonavir to atazanavir/ritonavir with the same NRTI backbone compared with those who remained on lopinavir/ritonavir. There were no differences observed for LDL or HDL (61) . Similarly, HIV-infected patients previously on a stable PI regimen were switched to atazanavir boosted or unboosted or continued on their current PI regimen in the SWAN study. At 48 weeks, there was a significant reduction in total cholesterol, non-HDL cholesterol, and triglycerides in the atazanavir group (62) . HIV-infected patients who were initiated on atazanavir regardless of whether other ART in their regimen had been discontinued had decreased total cholesterol and triglycerides at 24 weeks. The use of ritonavir-boosted atazanavir, baseline total cholesterol levels, as well as discontinuation of an NNRTI or PI from a previous regimen were significant and independent predictors for the change in total cholesterol in the atazanavir-treated group, whereas prior lipodystrophy was not a significant predictor (63) . Switching a PI regimen to atazanavir may be associated with improved lipid profiles in treatment-experienced patients. The effects of such changes on CVD risk are unknown, but in the D:A:D cohort, the incidence of MI was higher in ARTexperienced HIV-infected patients with no exposure to atazanavir vs those with O3 years of atazanavir use, and there was no overall significant independent association of exposure of atazanavir to MI risk (64) . Lipid profiles were also evaluated in treatment-naïve patients initiated on atazanavir. In the ACTION study, ART naïve HIVinfected patients were initiated on abacavir/lamivudine/ zidovudine or atazanavir with lamivudine/zidovudine, and at 48 weeks, there were minimal changes in lipid and glucose parameters (65). Vrouenraets et al. compared treatment-naïve HIV-infected patients receiving either atazanavir/ritonavir or saquinavir/ritonavir in combination with tenofovir/emtricitabine in the BASIC study. Overall, total and HDL cholesterol and ApoA1 increased significantly in both the atazanavir/ritonavirand saquinavir/ritonavir-treated groups at 48 weeks from baseline; however, between groups, only HDL was significantly higher in the saquinavir/ritonavir-treated group (66) . Lipid parameters and cardiovascular risk were evaluated in ART-naïve HIV-infected patients initiating a ritonavir-boosted PI regimen with atazanavir, fosamprenavir, or saquinavir. At 6 months, the atazanavir group had a significant decrease in total cholesterol, despite having a higher baseline total cholesterol level, while other groups treated with fosamprenavir or saquinavir had a rise in total cholesterol. Similarly, the atazanavir group started with a higher HeartScore, which predicts cardiovascular risk, but this score tended to decrease in the atazanavir group and tended to increase in the other two treatment groups (67) . Treatment-naïve patients in the CASTLE study received either atazanavir/ritonavir or lopinavir/ritonavir in combination with tenofovir/ emtricitabine, and after 48 weeks, the atazanavir group had significantly lower mean percentage changes in total cholesterol, non-HDL cholesterol, and triglycerides (68) .
To investigate the effects of a ritonavir sparing regimen, the SPARTAN study compared use of atazanavir and raltegravir vs atazanavir/ritonavir and tenofovir/ emtricitabine in treatment-naïve HIV-infected patients. By 24 weeks, the triglycerides, total, and non-HDL cholesterol tended to increase more in the atazanavir/ ritonavir and tenofovir/emtricitabine group (69). Treatment-naïve HIV-infected patients were randomized to receive nevirapine or atazanavir/ritonavir both with tenofovir/emtricitabine in the ARTEN study. The nevirapine group had a significant increase in total cholesterol, HDL, LDL, and ApoA1 from baseline to 48 weeks when compared with the atazanavir group, while the atazanavir group had a greater increase in triglycerides; however, the Framingham risk score remained similar between both groups (70) . Ritonavir boosting may confound the effects of atazanavir on lipid parameters in treatment-naïve HIV-infected patients.
Effects on inflammatory indices " Hileman et al. (71) posited that atazanavir may have increased antiinflammatory properties secondary to known side effects of hyperbilirubinemia based on atazanavir's mechanism of action (72) . In a retrospective study of HIV-infected patients on stable ART for at least 12 weeks, total bilirubin levels were significantly higher in patients on atazanavir; however, this was not associated with FMD or inflammatory or oxidation markers, including IL6, hsCRP, D-dimer, sTNFR-1 and II, sICAM-1, and sVCAM-1, with the exception of increased fibrinogen (71) . Similarly, in a study by Flammer et al. (73) , there was no significant difference in FMD or inflammatory or oxidative stress markers at 24 weeks in treatment-experienced patients on two NRTIs and a PI that were switched to atazanavir vs those who remained on their PI regimen, although lipid parameters improved significantly more in the atazanavir group. Colafigli et al. also demonstrated that HIV-infected patients who were switched to an atazanavir-containing regimen had significant improvements in lipid parameters, but no significant change in cardiovascular risk score as assessed by the CUORE project risk calculator, which has been validated in the Italian population. When normalized for age, however, there was a significant reduction in the CUORE score (74) . In the ARIES trial, treatment-naïve HIV-infected patients were randomized to receive abacavir/ lamivudine/atazanavir with or without ritonavir. At 144 weeks, there was no significant change from baseline in IL6 or hsCRP in either group, but there was a significant reduction in Lp-PLA2 in both groups (75) . In the AVATAR study, cIMT was compared between those ART-experienced HIV-infected patients exposed to atazanavir/ritonavir and those who were not. At 12 and 18 months, cIMT decreased significantly in the atazanavir/ritonavir group compared with those not exposed to atazanavir, who demonstrated an increase in cIMT (76) . More long-term studies may demonstrate anti-inflammatory properties of atazanavir with longer duration of exposure.
Effects on glucose homeostasis " Insulin sensitivity, measured by hyperinsulinemic euglycemic clamp, and triglyceride levels significantly improved in a group of ART-experienced HIV-infected patients who switched their baseline PI regimen to atazanavir/ritonavir for 12 weeks, even though 67% of patients were already on ritonavir, and there were no changes in body composition (77) . Guffanti et al. (78) studied treatment-experienced HIV-infected patients with known insulin resistance whose PI-based regimen was switched to an unboosted atazanavir regimen, and they report that glucose tolerance as measured by the
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www.eje-online.org 2-h postprandial glucose during oral glucose tolerance testing was significantly improved at 24 weeks, but there was no significant change in the HOMA-IR. HIV-infected patients were randomized to continue their PI regimen of lopinavir/ritonavir or switch to atazanavir/ritonavir. After 6 months, the atazanavir/ritonavir group had significantly lower fasting glucose, total cholesterol, non-HDL cholesterol, triglycerides, and visceral adipose tissue (VAT) compared to those who remained on lopinavir/ritonavir. In addition, there was a significant increase in glucose uptake in the anterior thigh muscle reported in the atazanavir/ritonavir group when compared with the lopinavir/ritonavir group (79). Despite concomitant low-dose ritonavir boosting, atazanavir may have more favorable effects on glucose homeostasis compared with other PIs.
Effects on body composition " In a study by Vrouenraets et al. (66) , body composition assessment by CT showed that total adipose tisue (TAT) and SAT were significantly higher at 48 weeks in the atazanavir/ritonavir compared with the saquinavir/ritonavir group, and VAT tended to be higher as well in the atazanavir/ritonavir group. Haerter et al. (80) reported three case reports of HIV-infected patients switched to atazanavir from a previous PI who subjectively noted regression of abdominal and dorsoclavicular fat accumulation; however, more objective measures were needed to evaluate body composition. Regimens of atazanavir or ritonavir-boosted atazanavir in combination with an NRTI backbone of stavudine and lamivudine in treatment-naïve HIV-infected patients caused a significant increase in VAT and trunk fat at 96 weeks, but there was no statistical difference between groups. SAT also tended to increase in both groups from baseline. There was a statistically significant reduction in limb fat in the unboosted atazanavir group, while there was a trend toward reduction in limb fat in the ritonavir-boosted group (81). Body composition was also evaluated in ART-naïve patients treated with atazanavir or efavirenz in combination with zidovudine and lamivudine. Absolute VAT, SAT, and TAT tended to increase more in the atazanavir group at 48 weeks but was not significantly different from the efavirenz group (82) . A significant increase was seen in the proportion of patients whose total fat changed by R20% at 12 months in HIV-infected patients who were switched from lopinavir/ ritonavir to atazanavir/ritonavir compared with those continued on their current regimen. Those in the atazanavir/ritonavir group had a statistically significant increase in trunk fat, and an increase in trunk fat R20% was associated with an increased waist-to-hip ratio in this group, but not lipid parameters (54) . In the REaL study, HIV-infected patients with known abdominal adiposity were continued on their current regimen, which included a ritonavirboosted PI or switched to ritonavir-boosted atazanavir. While there was a significant increase in total fat in the atazanavir group and decrease in total fat in the other PI group at 48 weeks, this difference did not persist at 96 weeks, and in addition, there were no significant differences in VAT or SAT composition or in glucose homeostasis parameters (83) . In contrast, Stanley et al. demonstrated a reduction in VAT among patients switching to atazanavir/ritonavir from lopinavir/ritonavir (79) . The effects of switching to an atazanavir-based regimen on indices of body composition is not clear.
Darunavir " Darunavir similarly inhibits the viral GagPol polyproteins in the HIV-1-infected cells, which prevent formation of mature virions (Fig. 2) .
Effects on lipid parameters " Total cholesterol, HDL, and triglycerides in HIV-infected treatment-naïve patients initiated on ritonavir-boosted atazanavir or darunavir in combination with tenofovir/emtricitabine were increased but were not significantly different between the atazanavir or darunavir groups at 24 weeks in the ATADAR study. The total cholesterol:HDL ratio tended to decrease more in the atazanavir group compared with the darunavir group (84). The ARTEMIS trial evaluated ART-naïve HIV-infected patients with non-suppressed viral load who were randomized to receive ritonavir-boosted darunavir or lopinavir with tenofovir/emtricitabine. At 48 weeks, increases in total cholesterol and triglycerides were higher in the lopinavir group vs the darunavir group. Although the darunavir group was receiving ritonavir at a higher dose, changes in LDL and HDL were similar in both groups (85) . At 96 weeks, the triglycerides, total cholesterol, and HDL increased significantly less in the darunavir vs lopinavir group. Median total cholesterol, LDL, and triglycerides remained below NCEP guidelines in the darunavir group, but the median triglyceride level in the lopinavir group remained above NCEP guidelines (86) . There were a higher percentage of patients that achieved viral suppression in the darunavir group, but there was no difference in the proportion of patients on lipid-lowering medications (87) . Similar results were obtained at 196 weeks; the darunavir-treated group demonstrated a small increase in total cholesterol and triglycerides compared with the lopinavir-treated group, while there were no significant differences in LDL and HDL between groups. There were no changes from baseline in the waistto-hip ratio in either the darunavir or the lopinavir group and very mild changes in glucose and insulin were demonstrated at 96 weeks (86) . The METABOLIK study evaluated metabolic parameters in HIV treatment-naïve patients at 48 weeks after being initiated on tenofovir/ emtricitabine with either darunavir/ritonavir or atazanavir/ritonavir. When evaluating lipid parameters, only total cholesterol and ApoA1 were significantly higher in the darunavir/ritonavir group vs the atazanavir/ritonavir group at 12 weeks, but at 48 weeks, there were no significant differences between groups (88). The POWER 1,2,3 studies evaluated treatment-experienced patients treated with ritonavir-boosted darunavir in combination with an NRTI/NNRTI backbone, and there was a mild increase in total cholesterol, LDL, and HDL, mostly occurring in the first 12 weeks (89). Triglyceride levels tended to increase more in treatment-experienced HIV-infected patients randomized to receive lopinavir/ ritonavir vs darunavir/ritonavir with their NRTI or NNRTI backbone over 48 weeks in the TITAN study (90) . In comparison to older PIs, such as lopinavir, use of darunavir may be associated with improved lipid profiles.
Effects on inflammatory indices, endothelial function, glucose homeostasis, and body composition " There were no differences between groups in the METABOLIK study, which compared treatment-naïve patients initiated on a ritonavir-boosted regimen of darunavir or atazanavir in combination with tenofovir/emtricitabine, with respect to glucose homeostasis and body composition at 48 weeks. In addition, fibrinogen, D-dimer, TNF RII, and LPS decreased in both darunavir and atazanavir groups at 48 weeks, but only TNF RII was significantly lower in the darunavir/ritonavir group. There were small increases in hsCRP and IL6 in both treatment arms (88) . After ART-experienced HIV-infected patients on triple ART were switched to darunavir/ritonavir monotherapy vs darunavir with two NRTIs, there was a decrease in FMD at 48 weeks, but the changes were not statistically significantly different between groups (91). Changes in VAT at 48 weeks remained stable, and there was a significant decrease in HOMA-IR in all patients. Gender differences in body composition among HIV-infected patients were investigated in the GRACE study after darunavir/ritonavir was added to medications from patients' prior regimens. At 48 weeks, glucose parameters in comparison with baseline were similar between the genders. There was a larger absolute increase in waist circumference in the women, but at 48 weeks, the waist-to-hip ratio remained similar to baseline in both genders (92) . ART-experienced patients with triglyceride levels above 200 mg/dl who were on ritonavir-boosted lopinavir or fosamprenavir in addition to two NRTIs had their PI regimen switched to ritonavir-boosted darunavir. In combination with the darunavir, ritonavir was prescribed once daily compared with twice daily with the previous regimen. At 12 months, HOMA-IR decreased by 22%, although not statistically significant (93) . In the MONOI study, HIV-infected patients with suppressed viral loads on a stable triple drug regimen were started on darunavir/ritonavir with two NRTIs, and after 8 weeks, a subset of these patients discontinued NRTI use. Peripheral and trunk fat increased in both groups at 48 and 96 weeks, but the increase in peripheral fat was only significantly higher in the group withdrawn from NRTI use at 48 weeks (94) . Changes in metabolic parameters in those exposed to darunavir may be influenced by prior ART use.
Multi-class drug combinations
Elvitegravir/cobicistat/emtricitabine/tenofovir " Elvitegravir/cobicistat/emtricitabine/tenofovir is a four-drug combination, which includes an integrase inhibitor, CYP3A inhibitor, and two NRTIs.
Effects on lipid parameters " Total cholesterol as well as LDL at 48 weeks increased less from baseline in those treated with elvitegravir/cobicistat/emtricitabine/tenofovir when compared with those treated with efavirenz and emtricitabine/tenofovir (95), while there was no difference in the change in triglyceride levels. Previous studies have implicated efavirenz in worsening of lipid parameters (96) . When combination drugs are created, adverse effects on metabolic indices could be amplified or attenuated due to the combined individual effects of each individual drug component. Elvitegravir/cobicistat/emtricitabine/ tenofovir was compared with a combination of ritonavirboosted atazanavir and emtricitabine/tenofovir. At 96 weeks, the change in cholesterol was greater in the elvitegravir/cobicistat/emtricitabine/tenofovir group, whereas there was no significant change from baseline for fasting LDL and HDL. By contrast, the change from baseline for fasting triglycerides was increased more in the ritonavir-boosted atazanavir and emtricitabine/tenofovir group (97) . More studies are needed to elucidate the effect of elvitegravir/cobicistat/emtricitabine/tenofovir on lipid homeostasis.
Effects on lipid parameters " When ART-naïve HIVinfected patients were started on tenofovir/emtricitabine and either efavirenz or atazanavir/ritonavir, the efavirenz group demonstrated greater increases in total cholesterol and LDL, which did not differ significantly from the other regimen. In addition, there was also an increase in HDL and large HDL particles, which may have a protective effect, in the efavirenz group (98) . More studies are warranted to investigate the effect of efavirenz/emtricitabine/ tenofovir on lipid homeostasis.
Effects on inflammatory indices and mitochondrial function " Inflammatory markers were evaluated at 24 and 96 weeks in treatment-naïve groups receiving either abacavir/lamivudine or tenofovir/emtricitabine with either efavirenz or atazanavir/ritonavir. At both time points, there was a reduction, but no significant difference between regimens in TNFa, sVCAM-1, and sICAM-1 levels. HsCRP levels increased more significantly in the abacavir/lamivudine group vs the tenofovir/emtricitabine group and in the efavirenz group vs the atazanavir/ritonavir group. At 24 weeks, there was a significant decrease in IL6 levels in the tenofovir/emtricitabine group, but this decrease was similar in both groups at 96 weeks, and IL6 levels did not differ between the efavirenz or atazanavir/ ritonavir group (99) . In the Advanz-3 trial, ART-naïve patients received tenofovir and emtricitabine in combination with either efavirenz or a ritonavir-boosted PI regimen. At 48 weeks, despite similar baseline characteristics, there were significant reductions in sCD14, TNFa, IL6, hsCRP, and D-dimer levels, but no difference between regimens, except for a trend towards reduced sCD14 levels in the ritonavir-boosted PI regimen (100). The effect of this combination ART strategy on inflammation should be investigated, as such studies may yield different results from assessing the individual components of therapy. Mitochondrial function was further investigated from subcutaneous fat biopsies at baseline and 96 weeks from ART-naïve HIV-infected patients who received either abacavir/lamivudine or tenofovir/emtricitabine with either efavirenz or atazanavir/ritonavir. The abacavir/ lamivudine and tenofovir/emtricitabine groups had similar decreases in mitochondrial DNA content in the fat, but when compared with the abacavir/lamivudine group, the tenofovir/emtricitabine group had a significant decrease in the mitochondrial oxidative phosphorylation NADH dehydrogenase activity. There were no significant differences in mitochondrial content or function in the efavirenz vs atazanavir/ritonavir groups, but a significant reduction was seen within each group (101) . Efavirenz alone has been associated with mitochondrial toxicity and oxidative stress. Previous in vitro studies report that human hepatic cells exposed to efavirenz demonstrate mitochondrial dysfunction, including altered mitochondrial morphology, ultrastructure, and mass and autophagic stress (102) . In addition, genes associated with metabolic and oxidative stress are upregulated in human hepatic cells exposed to efavirenz (103) . Various combinations of the components in efavirenz/emtricitabine/tenofovir may contribute to mitochondrial toxicity.
Effects on body composition " Components of this ART combination were investigated together in a study that blinded patients to receive either abacavir/lamivudine or tenofovir/emtricitabine with either efavirenz or atazanavir/ritonavir. While there was no significant difference in the groups receiving abacavir/lamivudine or tenofovir/ emtricitabine, the combination with efavirenz resulted in less weight gain and lower BMI than in combination with atazanavir/ritonavir, and multivariate analyses showed that lower CD4 count was associated with increased weight gain and BMI (104) . In comparison with a treatment regimen consisting of zidovudine/lamivudine and efavirenz, patients treated with emtricitabine/tenofovir and efavirenz have significantly greater increases in limb fat at 96 weeks (105) . Studies detailing body composition with efavirenz/emtricitabine/tenofovir use are limited.
Rilpivirine/emtricitabine/tenofovir " Rilpivirine/ emtricitabine/tenofovir disoproxil fumarate is a three-drug combination composed of two NRTIs and one NNRTI.
Effects on lipid parameters " The SPIRIT study revealed that treatment-experienced patients started on rilpivirine/emtricitabine/tenofovir had greatly improved total cholesterol, LDL, and triglyceride levels when compared with another group on a ritonavir-boosted PI based regimen. Those on the combination therapy of rilpivirine/emtricitabine/tenofovir also had a greater improvement in Framingham cardiac risk scores at 24 weeks when compared with the ritonavirboosted PI group (106) . The ECHO trial treated ART-naïve patients with emtricitabine/tenofovir with either rilpivirine or efavirenz. Patients on rilpivirine had no change in LDL or triglyceride levels, while these levels were increased on efavirenz. In addition, the rilpivirine group demonstrated a smaller increase in total cholesterol and HDL than the efavirenz group at 48 weeks (107) . Similar results were reported in the THRIVE trial in which the addition of rilpivirine was again compared with efavirenz sharing a common NRTI backbone in treatment-naïve patients, and there was a lower increase in total cholesterol, LDL, HDL, and triglycerides at 48 weeks in the rilpivirine group vs the efavirenz group (108) . Data from both the ECHO and THRIVE trial at 96 weeks demonstrates worse lipid parameters, including total cholesterol, LDL, and triglycerides, in the efavirenz group compared with the rilpivirine group, while the improvement in HDL was greater in the efavirenz group (109, 110) . Rilpivirine may have less severe consequences on lipid parameters compared with other ART.
Effects on body composition " With regard to body composition, limb fat measured by DEXA demonstrated no change regardless of treatment with rilpivirine vs efavirenz in ART-naïve patients (111) . Diaz-Delfin et al. investigated the effect of rilpivirine in vitro on adipose tissue compared with efavirenz. At increased concentrations, rilpivirine reduced adipocyte differentiation, decreased expression of transcription factors involved in adipogenesis, PPARg, C/EBPa and SREBP-1, increased expression of proinflammatory markers MCP-1 and IL6, decreased release of adiponectin from adipocytes, and reduced mitochondrial activity measured by cytochrome II and cytochrome c oxidase activity. Similar trends were seen with adipocyte exposure to efavirenz, and furthermore, effects on adipose tissue transcription factors were elicited at lower relative concentrations of efavirenz compared with rilpivirine (112) . While rilpivirine appears to have many unfavorable effects in adipose tissue, the effect of this agent on body composition and related metabolic indices will need to be evaluated in HIV-infected patients.
Considerations in choosing ART regimens
ART regimens should be individualized to the patient. Previous data have demonstrated metabolic consequences of older ART, and although newer ART drugs are not free of metabolic abnormalities, data presented in this review suggest relatively more favorable profiles of newer individual ART. However, whether these favorable effects are directly related to initiation of the drug itself or withdrawal of a previously used drug remains unclear. In addition, long-term effects of these newer ART are still not determined. When choosing a regimen, priority should be given to achieving viral suppression. Indeed, viral suppression will not only decrease HIV-associated morbidity and reduce transmission rates but may also decrease immune activation, a factor known to contribute to metabolic derangement. Maraviroc serves as an interesting paradigm in the potential for the treatment of both virologic failure and attenuation of cardiovascular and inflammatory risks. Raltegravir may have more favorable effects on lipid parameters. The second-generation PIs even with ritonavir boosting also seem to have more favorable metabolic profiles, and patients may avoid more severe changes in lipid and glucose homeostasis when taking these newer agents compared with older generation PIs or higher doses of ritonavir. While multi-drug class combinations are convenient for patient adherence, the inclusion of older drugs, such as efavirenz, may adversely contribute to mitochondrial dysfunction.
Future directions
The newer classes of ART are still in the early phase of treatment, and studies determining the effects on metabolic indices and body composition are limited. Data to date suggest fewer metabolic consequences of newer ART compared with older regimens. Nonetheless, a number of important potential metabolic complications have been identified early in the development of these agents, which should increase awareness (Supplementary Table 1 , see section on supplementary data given at the end of this article) and merit further long-term studies. In addition, further studies are also required to delineate the specific effects of HIV and ART in the development of cardiovascular risks. As work progresses toward a cure or vaccine to prevent HIV, novel ART are actively being developed, which may be able to control viral suppression and simultaneously inhibit critical inflammatory and atherogenic pathways. Taken together, the positive effects of ART on viral suppression far outweigh negative effects on metabolic indices, but future studies should focus on the development of even more potent novel strategies with optimal immunomodulatory and metabolic profiles.
